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A new approach towards the composite structure of quarks and leptons in the context of the higher dimen-
sional unified theories is proposed. Because of certain strong dynamics much like ordinary QCD, every
possible vectorlike set of composites appears in higher dimensional bulk space-time. However, through a
proper Sherk-Schwarz compactification only chiral multiplets of composite quarks and leptons survive as the
massless states in four dimensions. In this scenario restrictions related to ’t Hooft’s anomaly matching condi-
tion turn out to be avoided and, as a result, the composite models look rather simple and economical. We
demonstrate our approach by an explicit construction of a model of preons and their composites unified in the
supersymmetricSU(5) GUT in five space-time dimensions. The model predicts precisely three families of
composite quarks and leptons being the triplets of the chiral horizontal symmetrySU(3)h which automatically
appears in the composite spectrum when going to ordinary four dimensions.
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I. INTRODUCTION

The observed replication of quark-lepton families and
hierarchy of their masses and mixings are one of the m
puzzles of modern particle physics. In this respect it is c
ceivable to think that quark and lepton spectroscopy finds
ultimate explanation in terms of the subfermions~preons!
and their interactions in analogy with an explanation of h
ronic spectroscopy in the framework of the quark mod
However a direct realization of this program seems to m
with some serious difficulties. Among the problems that ha
appeared the basic one is, of course, that related to the
namics responsible for the production of composite qua
and leptons whose massesmf turned out to be in fact much
less than a compositeness scaleLC which must be located a
least in a few TeV region to conform with observations@1#.
Indeed, if, as usual, one considers the underlying pr
theory to be QCD like, then one inevitably comes to t
vectorlike bound state spectra where most naturallymf

;LC . To overcome this difficulty one has to require th
presence of some chiral symmetry which is respected by
strong preon dynamics and makes quark and lepton bo
states massless. As ’t Hooft first argued@2# such a chiral
symmetry in order to be preserved in the spectrum of ma
less composite fermions must yield the same chiral ano
lies as those appearing in the underlying preon theory. H
ever, this anomaly matching condition has turned out to
too restrictive to drive at the physically interesting se
consistent models. As a result most existing models@3–5#
are rather complex and controversial and often contain
0556-2821/2002/66~9!/095013~7!/$20.00 66 0950
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many exotic composite states apart the ordinary quarks
leptons.

Supersymmetric preon models@4,5# follow a somewhat
different pattern of the anomaly matching condition since
this case the physical composites quarks and leptons, ap
as both the three-fermion~‘‘baryons’’! and scalar-fermion
~‘‘mesons’’! bound states. More interestingly these mod
may provide a new dynamical alternative for obtaining lig
composite fermions which emerge as~quasi-!Goldstone fer-
mions@4# when the starting global symmetryG of the super-
potential is spontaneously broken down to some lower sy
metryH. In recent years there has been a renewal of inte
in supersymmetric preon models@5# based on a powerfu
technique developed within strongly interactingN51 super-
symmetric gauge theories@6#. However, despite these attra
tive features of supersymmetric theories the supersymme
composite models generally suffer from the same drawba
as the more traditional nonsupersymmetric ones.

In this paper we suggest a new approach towards the c
posite structure of quarks and leptons, proposing the p
ence of extra space-time dimensions at small distances c
parable or a bit larger than the radius of compositeness,RC
;1/LC . It is well known that the compactification of extr
space-time dimensions~depending on the details of dimen
sional reduction! has appeared to be successful in obtain
realistic four-dimensional models where supersymme
@7–9#, gauge symmetry@10,11#, and certain discrete symme
tries such asP and CP @12# are broken in an intrinsically
geometric way. Following this line of argument, we find th
due to a certain Scherk-Schwarz compactification@7# the
composite quarks and leptons turn out to be massless in
©2002 The American Physical Society13-1
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dimensions while all unwanted states~residing in the bulk!
are massive. In this way the restrictions related with
original ’t Hooft anomaly matching condition can b
avoided. Thereby the physical composite models look ra
simple and economical as we will show here by a few
amples of the elementary preons and their composites un
in the SU(5) supersymmetry~SUSY! grand unified theory
~GUT! initially appearing in five space-time dimension
~5D!.

II. SUPERSYMMETRY IN 5D AND SCHERK-SCHWARZ
COMPACTIFICATION

Before turning to the construction of composite models
us recall some aspects of theN51 5D supersymmetry and
Scherk-Schwarz compactification which are relevant to
subsequent discussion. Consider in 5D theN51 supersym-
metric gauge theory with a local symmetry groupG under
which the matter fields transform according to one of
irreducible representationR. The N51 supersymmetric
Yang-Mills supermultipletV5(AM, l i , S, Xa) in 5D con-
tains a vector fieldAM5AMaTa, a real scalar fieldS
5SaTa, and two gauginosl i5l iaTa, which form a doublet
under theR-symmetry groupSU(2)R and auxiliary fields
Xa5XaaTa being a triplet ofSU(2)R ~hereM50,1,2,3,4 are
space-time indices;i 51,2 anda51,2,3 areSU(2)R-doublet
andSU(2)R-triplet indices, respectively;a runs over theG
group index values andTa are the generators ofG algebra!.
These fields are combined into theN51 4D vector super-
multiplet V5(Am, l1, X3) (m50,1,2,3) and a chiral super
multiplet F5(S1 iA4, l2, X11 iX2). The matter fields are
collected in the hypermultipletH5(hi , C, Fi) which con-
tains the scalar fieldshi being a doublet ofSU(2)R , the
Dirac fermionC5(c1 , c2

1)T being theSU(2)R singlet, and

also theSU(2)R doublet of auxiliary fieldsFi . All these
fields form twoN51 4D chiral multipletsH5(h1, c1 , F1)
andHc5(h2, c2 , F2), transforming according to the repre
sentationsR and anti-R of gauge groupG, respectively. The
5D supersymmetric andG-symmetric action then can b
written as~see, e.g.,@13#!

S5E d5xE d4u@HceVHc†1H†eVH#

1E d5xE d2uFHcS ]42
1

A2
F D H1h.c.G . ~1!

The above theory~1! is in fact vectorlike and, hence
anomaly free.

Now let us compactify the extra fifth dimensionx4 on a
circle of radiusRC . Aside from the trivial~periodic! bound-
ary conditions under the 2pRC translation of extra dimen
sion one can impose on the 5D fields the following nontriv
@U(1)-twisted# conditions:

H~xm,x412pRC,u!5exp~ i2pqH!H~xm,x4,eip(qH1qHc)u!,

Hc~xm,x412pRC,u!5exp~ i2pqHc!H~xm,x4,eip(qH1qHc)u!,
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V~xm,x412pRC ,u,ū !

5V~xm,x4,eip(qH1qHc)u,e2 ip(qH1qHc)ū !,

F~xm,x412pRC ,u!5F~xm,x4,eip(qH1qHc)u!, ~2!

whereqH andqHc are theR charges of the superfieldsH and
Hc, respectively. As a result of to the periodicity conditio
~2!, the component fields are Fourier expanded as

h1~xm,x4!5 (
n52`

`

exp@ ix4~n1qH!/RC#h1(n)~xm!,

h2~xm,x4!5 (
n52`

`

exp@ ix4~n1qHc!/RC#h2(n)~xm!,

c1~xm,x4!5 (
n52`

`

expF ix4S n1
qH2qHc

2 D Y RCG
3c1

(n)~xm!,

c2~xm,x4!5 (
n52`

`

expF ix4S n2
qH2qHc

2 D Y RCG
3c2

(n)~xm!,

l1~xm,x4!5 (
n52`

`

expF ix4S n2
qH1qHc

2 D Y RCG
3l1(n)~xm!,

l2~xm,x4!5 (
n52`

`

expF ix4S n1
qH1qHc

2 D Y RCG
3l2(n)~xm!,

Am~xm,x4!5 (
n52`

`

expS ix4
n

RC
DAm(n)~xm!,

~S1 iA4!~xm,x4!

5 (
n52`

`

expS ix4
n

RC
D ~S1 iA4!(n)~xm!. ~3!

Let us note now that all the fields with the nontrivialR
charges necessarily turn out to be massive when reducing
theory from 5D to 4D. Particularly zero modes of all ferm
onic fields in Eqs.~3! and those of the scalarsh1 andh2 have
the massesq/RC whereq are the correspondingR charges
while the zero modes of the gauge fieldsAm and adjoint
scalar (S1 iA4) are massless. Nevetheless, the latter pi
up mass of the order of;1/RC radiatively since supersym
metry is broken by the above Scherk-Schwarz compactifi
3-2
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tion so that in general only gauge fieldsAm are left to be
massless. However, if theR charges of the superfieldsH and
Hc are equal (qH5qHc), then as one can easily see fro
Eqs.~3! the zero modes ofc1 andc2 happen to be massles
as well. Note also that for composite operators containing
above superfields theR charge assignment and thus the sp
trum of the massless zero modes can be rather different.
is the key point we will use below in the construction
composite models of quarks and leptons.

III. ONE-GENERATION COMPOSITE MODEL

Let us considerN51 supersymmetricG^ SU(N)HC
gauge theory in 5D whereG is the gauged part of som
hyperflavor symmetryGHF , which includes all observed
symmetries @color SU(3)C and electroweak SU(2)W
^ U(1)Y or grand unified symmetrySU(5), etc.#, and
SU(N)HC , which describes hypercolor interactions respo
sible for the formation of hypercolorless bound states fr
preons. We assume that the preons and antipreons resi
the 5D hypermultipletsP5(P,Pc) and transform under the
hypercolor gauge groupSU(N)HC as its fundamental (P
;N) and antifundamental (Pc;N̄) representations, respec
tively. The preons should carry also the quantum numb
related to the hyperflavor symmetry groupGHF . The hyper-
color gauge groupSU(N)HC has to be asymptotically free a
in the case of ordinary QCD. Otherwise, the theory will n
be well defined as an interacting quantum field theory~be-
cause of the Landau pole problem! and can be consistentl
treated only as a low energy limit of some other theory. Th
the asymptotic freedom of theSU(N)HC restricts the numbe
of the allowed hyperflavorsNHF to be

NHF

2
<N. ~4!

Now let us takeG the gauged part of the total hyperflav
symmetryGHF to be the minimal grand unified group, i.e
G[SU(5), so that the preons transform under theSU(5)
^ SU(N)HC as

P(5);~5,N!,

P(5̄)
c

;~ 5̄,N̄!,

P(s) i;~1,N!,

P( s̄)
ci

;~1,N̄!, ~5!

where i 51, . . . ,Ng . Therefore, the total number of flavor
is NHF551Ng . The SU(5) singlet preons~antipreons!
P(s) i(P( s̄)

ci ) in Eqs.~5! are indeed necessary in order to pr
duce the entire set of composite quark and leptons transfo
ing as 5̄110 representations ofSU(5). Wecall them ‘‘gen-
eration’’ preons. Thus the preons carry all ‘‘basic’’ quantu
numbers presently observed in quark-lepton phenomeno
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at low energies such as three colors two weak isospin c
ponents@being unified within theSU(5)], and thegeneration
numbers as well.

Within the framework described above the minimal po
sible hypercolor group isSU(3)HC which admits a single
(Ng51) ‘‘generation’’ preon and thus in total only six hy
perflavors of preons,NHF56. This hypercolor interaction is
assumed to be responsible for the formation of hyperco
less ‘‘baryons’’

D̄1;P(5)P(5)P(5);10̄, D1;P(5̄)
c

P(5̄)
c

P(5̄)
c

;10,

D2;P(5)P(5)P(s);10, D̄2;P(5̄)
c

P(5̄)
c

P( s̄)
c

;10̄,
~6!

and ‘‘mesons,’’

Q̄;P(5̄)
c

P(s);5̄, Q;P(5)P( s̄)
c

;5,

M;P(5̄)
c

P(5);2411, S;P( s̄)
c

P(s);1, ~7!

at the compositeness scaleLC @in Eq. ~6! antisymmetrized
products are meant#. All these bound states come out in ve
torlike SU(5) representations and they are in fact theN51
4D superfields.

As in the previous section compactifying the extra dime
sions on a circle of radiusRC ~and assuming thatRC
.1/LC) we impose the Scherk-Schwarz boundary con
tions to the preonic superfields~5! of type

P(5)~xm,x412pRC ,u!5ei2pq5P(5)~xm,x4,eip(q51q5̄)u!,

P(5)~xm,x412pRC ,u!5ei2pq5P(5)~xm,x4,eip(q51q5̄)u!,

P(s)~xm,x412pRC ,u!5ei2pqsP(s)~xm,x4,eip(qs1qs̄)u!,

P( s̄)
c

~xm,x412pRC ,u!5ei2pqs̄P( s̄)
c

~xm,x4,eip(qs1qs̄)u!,
~8!

where

q51q5̄5qs1qs̄ . ~9!

The vector supermultiplets and the adjoint superfields
periodic as in Eqs.~2!. Expanding the 5D preonic fields as i
Eqs.~3! one can see that all fermionic preons are massive
4D and thus the low energy preonic theory can be treate
a consistent quantum theory since the gauge anomalies
absent. Obviously supersymmetry is broken by the ab
boundary conditions~8!. Specifying the boundary condition
for the preonic fields one can easily obtain theR charges for
the composite states~6! and ~7! as

D̄1;3q5, D1;3q5̄ , D2;2q51qs , D̄2;2q5̄1qs̄ ,

Q̄;q5̄1qs , Q;q51qs̄ , M;q5̄1q5 ,

S;qs̄1qs . ~10!
3-3
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Since theR charges~10! for the composite states differ from
those of preons~8!, one can expect different spectram
composite zero modes. Particularly we are looking for su
an assignment of preonicR charges~8! which lead to mass-
less composite fermions in 4D in (51̄10) representation o
SU(5) which are nothing but composite quarks and lepto
It is evident from Eqs.~6! and~7! that we should identify the
fermionic components ofQ̄ superfield with an antiquintet o
SU(5) where the down-type antiquark and the lepton d
blet reside. TheSU(5) decuplet where the quark doublet, th
up-type antiquark, and the charged antilepton reside ca
identified with the fermionic components of eitherD1 or D2

superfields. The fermionic zero modes ofQ̄ andD1 will be
massless if theR charges~8! along with Eq.~9! satisfy also
the following equations:

q5̄1qs5
q5̄1q5

2
, ~11!

3q5̄5
q5̄1q5

2
. ~12!

In solving Eqs.~9!, ~11!, and~12!, one has to remember tha
due to periodicity theR chargesq are defined up to an arbi
trary integer numberq5q1k, kPZ. To ensure that only the
desired set of fermionic zero modes are massless in 4D
restrict generalU(1)-twisted boundary conditions to som
discrete ZK ones. It is easy to verify then that anyK
Þ2,3,4,6,9,12 will provide the desired solutions of Eqs.~9!,
~11!, and~12!:

q55
5

K
, q5̄5

1

K
, qs5

2

K
, qs̄5

4

K
. ~13!

The minimal choice isZ5-twisted boundary conditions with
R chargesq550, q5̄5 1

5 , qs5
2
5 , and qs̄52 1

5 so that only
one generation of composite quarks and leptons is mas
in 4D at low energies. All extra composite states are mas
with masses of the order of 1/RC .

If one identifies the quark-lepton decuplet ofSU(5) with
fermionic components of theD2 superfield, then one has t
determine theR charges from Eqs.~9! and~11! and the equa-
tion

2q51qs5
q5̄1q5

2
, ~14!

which appears instead of Eq.~12!. Any ZK-twisted boundary
conditions withKÞ2,3,4,6,9,12 and

q552
2

K
, q5̄52

4

K
, qs5

1

K
, qs̄52

7

K
~15!

will lead to the desired solutions. The minimal possibility
again Z5 but now with the followingR charges:q552 2

5 ,
q5̄5 1

5 , qs5
1
5 , andqs̄52 2

5 . It is quite intriguing that just the
composite quarks and leptons~without any extra states! uni-
09501
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fied within theSU(5) gauge theory emerge at low energi
in 4D from a simple and economical preon dynamics d
cussed above.

IV. THREE-GENERATION COMPOSITE MODEL

One can easily extend the above model with one gen
tion of composite quarks and leptons to the case of th
composite generations by simply copying the above struc
thrice, resulting thus in a model with hypercolor grou
SU(N)1^ SU(N)2^ SU(N)3. However, a more interesting
way is based on treating theSU(5)-singlet preons in Eqs.~5!
as the carriers of quantum numbers associated with qu
lepton generations. Thus we will take three- ‘‘generatio
preons ~antipreons! P(s) i(P( s̄)

ci )( i 512,3) and the global
SU(3)P(s)

symmetry of the 5D preonic Lagrangian will b

interpreted as a ‘‘horizontal’’ hyperflavor symmetrySU(3)h
for quark-lepton families~see below!. Therefore we will also
require this symmetry to survive upon the Scherk-Schw
compactification; that is to say, theR charges for all three
‘‘generation’’ preons are the same. Now altogether there
NHF58 hyperflavors of preons and thus as a result of
asymptotic freedom constraint~4! the minimal hypercolor
group isSU(4)HC . While by following the arguments use
in the previous section such a composite model leading
three quark-lepton generations can easily be constructe
seems still more interesting to take theSU(5)HC as the hy-
percolor group. Apart from the possibility to treat all mass
composites in the same way as the pure baryonic compo
this case may be of special interest as the case sugge
some starting extra hypercolor-hyperflavor symme
(HC↔HF) in 5D. The composite ‘‘baryons’’ and ‘‘mesons
are then

D̄1;P(5)P(5)P(5)P(s)P(s);~10̄,3̄!,

D1;P(5̄)
c

P(5̄)
c

P(5̄)
c

P( s̄)
c

P( s̄)
c

;~10, 3!,

D2;P(5)P(5)P(s)P(s)P(s);~10,1!,

D̄2;P(5̄)
c

P(5̄)
c

P( s̄)
c

P( s̄)
c

P( s̄)
c

;~10̄,1!,

Q̄;P(5)P(5)P(5)P(5)P(s);~ 5̄,3!

Q;P(5̄)
c

P(5̄)
c

P(5̄)
c

P(5̄)
c

P( s̄)
c

;~5,3̄!,

S;P(5)P(5)P(5)P(5)P(5);~1,1!,

S̄;P(5̄)
c

P(5̄)
c

P(5̄)
c

P(5̄)
c

P(5̄)
c

;~1,1!, ~16!

and

Q̄8;P(5̄)
c

P(s);~ 5̄,3!, Q8;P(5)P( s̄)
c

;~5,3̄!,

M;P(5̄)
c

P(5);~2411,1!, I;P( s̄)
c

P(s);~1,811!,
~17!

respectively, transforming underSU(5)^ SU(3)h as indi-
cated in brackets@antisymmetrization of allSU(5) and
3-4
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SU(3)h indices are implied in Eqs.~16!#. One can see tha
the SU(5) decuplets~antidecuplets! in Eqs. ~16! being the
triplets ~antitriplets! and singlets of the global family sym
metry SU(3)h are pure baryonic composites. As to th
SU(5) antiquintets~quintets! being triplets~antitriplets! of
the SU(3)h they appear as both baryonic~16! and mesonic
~17! composites. Also some other states singlets and adjo
of SU(5) and SU(3)h appear in the composite spectru
~16!,~17!. Now, as soon as the fermionic zero modes p
posed for theD1 supermultiplet in Eqs.~16! are massless on
has to ensure that either the zero modes of fermionic c
ponents of the baryonic antiquintetQ̄ in Eqs.~16! or mesonic
antiquintetQ̄8 in Eqs.~17! ~but not of both! are also massles
in order for the low energy composite model to be anom
free, thus giving unique assignment of massless compo
to the representation (51̄103) of theSU(5)^ SU(3)h . Re-
markably one can come to this basic consequence eve
one starts with an arbitrary number of generation preo
P(s) i (P( s̄)

ci ) ( i 51,2, . . . ,Ng). Since according to the abov
construction~16!,~17! the number of compositeSU(5) de-
cuplets is given byNg(Ng21)/2 while the composite an
tiquintets by the numberNg by itself ~whether they are the
baryonic or meson composites!, one is unavoidably led to the
SU(5) anomaly cancellation condition of the type

Ng~Ng21!

2
5Ng , ~18!

from which it immediately follows thatNg53. Thus the
above model actually predicts three full generations of co
posite quarks and leptons being the triplets of the chiral g
bal family symmetrySU(3)h automatically appearing in th
composite spectrum.

Proceeding as in the previous section one can easily
termine the desiredR charges. If we identify the composit
quarks and leptons with fermionic zero modes of the ba
onic compositesD1 and Q̄ in Eqs. ~16!, then preonicR
charges along with Eq.~9! must satisfy the following equa
tions:

3q5̄12qs̄5
q5̄1q5

2
, ~19!

4q51qs5
q5̄1q5

2
. ~20!

The desired solutions are provided byZ6-twisted boundary
conditions~which is the minimal one! with R charges defined
as

q55q5̄5
1

6
, qs̄52

1

6
, qs5

1

2
. ~21!

In the case when the compositeSU(5) decuplets are iden
tified with fermionic zero modes of the baryonic compos
D1, Eqs.~16!, while the composite antiquintet with the me
sonic compositeQ̄8, Eqs.~17!, one should replace Eq.~20!
by Eq.~11!. It is easy to verify that the minimal solution wil
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be once again provided byZ6-twisted boundary conditions
but now with the followingR charges:

q55q5̄5
1

6
, qs̄5

1

3
, qs50. ~22!

Remarkably only three generations of composite quarks
leptons emerge as massless states while all other compo
are massive, thus decoupling from the low energy part
spectrum.

V. DISCUSSION AND CONCLUSION

Some questions concerning the dynamics of the comp
ite models discussed above should certainly be elabor
further. The major ones are the following. How, are t
SU(5) and subsequently the electroweak symmetries b
ken? How are the masses for composite quarks and lep
generated? Can one naturally explain the hierarchies
masses and mixings of composite quarks and leptons? H
we will briefly outline some possible scenarios one can th
of.

One can indeed use theSU(5)-adjoint superfieldF to
break SU(5) symmetry down to theSU(3)C^ SU(2)W
^ U(1)Y standard model gauge group . In the supersymm
ric uncompactified limit there are degenerate flat vacuum
rections for the scalar component ofF. Among these vacua
one can certainly find theSU(5) breaking andSU(3)C
^ SU(2)W^ U(1)Y invariant one. In such a vacuum the pr
ons will acquireSU(5) noninvariant masses but this will no
affect their subsequent dynamics resulting in the format
of composite states. The degeneracy of vacuum state
course is removed when one takes into account supersym
try breaking effects due to Scherk-Schwarz compactificati
Alternatively one can breakSU(5) symmetry through the
condensation of the scalar components of composite mes
superfield M, Eqs. ~7!,~17!. Similarly, to break SU(2)W
^ U(1)Y electroweak symmetry one can use the doublet~an-
tidoublet! components of composite quintets~antiquintets!.
Since the supersymmetry is broken, one inevitably faces
gauge hierarchy problem which can be resolved by fi
tuning as in the usual nonsupersymmetric grand unified th
ries ~GUTs!. Alternatively one could imagine that the solu
tion to the gauge hierarchy problem appears due to the st
renormalization of the electroweak Higgs boson mass wh
is driven to an infrared stable fixed point of the order
electroweak scale while being of the order of the GUT sc
at higher energies@14#. The relatively large extra dimension
play a crucial role in this scenario by inducing fast~power-
law! evolution of gauge and Yukawa couplings.

The same mechanism could explain the observed hie
chies of quark-lepton masses and mixings along the li
discussed in@15#. These scenarios can be actually operat
in the case of composite quarks and leptons as well. H
ever, following a more traditional way, one can think that t
hierarchy of quark-lepton masses and mixings is related
spontaneous breaking of the global chiralSU(3)h horizontal
symmetry appearing in our model together with the th
quark-lepton generations predicted. This is as far as one
3-5
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presently think of the main benefit of the above consid
ation. Actually the chiral horizontal symmetrySU(3)h is
known @16# to work successfully in both the quark and le
ton sectors and can readily be extended to composite qu
and leptons as well. It would be interesting to gauge t
symmetry within the preon model. However, a straightf
ward gauging of the chiral horizontal symmetry typica
leads to SU(3)h triangle anomalies in the effective 4D
theory. One way to overcome this problem is to introdu
some extra massless states which properly cancel t
anomalies in a traditional way. Another and perhaps a m
interesting possibility is to cancel 4D anomalies by t
Callan-Harvey anomaly inflow mechanism@17# assuming
the presence of a 4D hypersurface~3-brane! in the 5D bulk
space-time where the composite quarks and leptons ar
calized.

From a purely phenomenological point of view it is ce
tainly interesting to study whether the compositeness sca
well as the compactification one can be lowered down
energies accessible for the future high energy colliders.
course these and related issues deserve a more detaile
vestigation.

It would be also interesting to study various extensions
the simple models presented here. One can consider diffe
gauge groups and more extra dimensions as well. Par
larly one can study the possibility to unify theSU(5) sym-
metry with the gauged horizontalSU(3)h and/or hypercolor
SU(N)HC symmetries within a single gauge group~for ear-
b
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lier attempts see, e.g.,@18#!. It is certainly interesting to in-
vestigate the dynamical emergence of gauge symme
themselves with the composite gauge bosons within the
proach undertaken in this paper. And finally from a mo
fundamental point of view it could be illuminating to stud
string theories where string excitations are identified w
preons rather than physical quarks and leptons~for an earlier
discussion see@19#!.

To conclude we have proposed a new approach towa
quark and lepton compositeness within higher dimensio
unified theories where thanks to a proper Scherk-Schw
compactification the composite quarks and leptons turn
to be massless in four dimensions while all unwanted sta
~residing in the bulk! are massive. The prototype mode
discussed here are rather simple and economical so tha
think this approach will help to construct largely realist
composite models of quarks and leptons in the not too dis
future.
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